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P.U. (Per Unit value) real value

PU.=
base value

Example: A given impedance is 0.050 per-unit on bases of Vb=138kV
and S3 ¢ b=200MVA. Calculate Z in per-unit if base values for Vb and
S3 ¢ b are, respectively,

a) 138 kv, 100 MVA

b) 132 kV, 200 MVA

c) 132 kV, 100 MVA

ANS: Z Z

Z, =—"=0050= . = 7 =4.761(Q)
Z, (138KV) /
200MVA
Z 4.761
a)Z =—l-= =0.025( pu
(@)-2,. Z, (138KV)7 (P)
100MVA
Z 4.761
b).Z ==r= =0.05465( pu
(b)-Z,, Z, (132KV)7 (pu)
200MVA
©)z. =% 4701 4 02732(pu)

w=7 (132KV)7
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How to chose the base value?( S?, V?, 1?, or Z?)

1. For a single phase system:

a. Chose S, & V, (phase voltage)
b. Calculate S, :Vb :Vbz

|, =—,
bebIb Sy

2. For a three phases system:

a. Chose S, & V, (line voltage)
b. Calculate

| =2 ,szv%:vbz
Jav, l, S,

In which Sb can be transformer capacity or 100MVA, 1000KVA
(easy to calculate)
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Example = 3¢ 12KV, 30MVA 5555, BiER5E FrEl 18MVA, 10.8KV, 3f= AHLV 7

P - fil.
= AP
S, =30MVA S =30 =0.6(pu)
V, =12KV V,, =18 =0.9(pu)
B b
S, =% MVA S, =% =0.6(pu)
=12/ _KV _
4B Vo = =0.9(pu)

T e ™ ARy = AR - RS
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example

250MVA > < 100Hp, 460V

DA § 2 ‘ X" = 25%
11.4KV / 480V g\,

1000KVA  0.0004+ j0.00108(Q)

X, (pu)| x=10%

S, =1000KVA V7> 480°

|7, =L = =0.2304
V, = 480V

Step 1: find base value ==
S, 1000K

Step 2: find Z,(pu) g oy = 0.0004 _ 4 501736
b

Xy = 0.00108 _ ) 1046875
b
Step 2: find X,, (pu) « _ 0o 25(460 )2 IMVA 5 5959
M) T T80 7 0.IMVA
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13.8/138KV 138/69KV

10MVA 10MVA
X" =10% X" =8%
A B e 30002
AB B-C

Step 1: find base value
S, =10MVA)V,, =13.8KV,V,, =138KV, V., =69KV

2
7= 7 _ (38K)" 19000, z, =43 8K)" 100 Z = (69K’

s, " 10M 10M
Step 2: find Real Z

=476Q)

Z. =300Q,2Z, =300Qx2° =1200Q, Z, =1200Q2x 0.1* =12Q
Step 3: find Z pu
Zpowy =15 =0.63
- et S N
7 _mm_ggs | Ig@\;ﬁ [I[[ FRRAE AT
(F1 575 - ljﬁilﬁ, ATl
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IRCING BN EE LIRS

j0.1 j0.08

0.63

T e B U R L R

Example: = 7 1¢ 20/3MVA 79.7KV/13.8KVAESH, Fif0.2pu, 24t (a) At
] (b)JY}?%@\(C)A S AR VR RIS BRI R AR - .

79.7KV 13.8KV
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(a) HIFEHEIFI] | S, =294 MVAV,, =79.7KV ,V,, =13.8KV

2 2
— (\/1b) — (797K) :95ZSQ

= Ly = S 20/ M
b %
2 2
=7, = (Vzp) = (13.8K) =28.57Q)
S, 204 M

— TR ALIE“JEjf%ﬁE‘ Zleq =0.2x952.8=190.4Q2/ phase
Z,. =0.2x2857=5.72Q/ phase

2¢eq

- SR RSG5 0.2pu

(b) Y-Y £E56L| S, = 20MVAV,, = 79.74/3KV =138KV ,V,, =13.8/3 = 23.9KV
2 2
— (\/1b) — (138K) :9528Q

=7, =
vs, 20M
2 2
=7, = Vap)” _ (239K)" 58 5709
S, 20M
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— TR ALIE['JEjf%ﬁE‘ Zleq =0.2x952.8 =190.4Q)/ phase

Z,e =0.2x28.57 =5.72Q)/ phase
= R D RIS RS 1904
215, =1909060 5 =02
5.72 _
Zow =" 798,57 =02
(b) A-Y Fisl| S, = 20MVA, v1b =79.7KV,V,, =13.84/3 = 23.9KV

2 rn‘ < 3

o on wﬁﬁ W‘f—“ : lﬁiﬁf:f

Lz, = Ma) (B g hillE

S, 20M
~ R RIS Zyy, = 190-% Q=63.470(A - Y)

Lo =0.2x28.57 =5.72Q2/ phase
= VR T ORISR A
0 = 0340417602

572/
Lo ="7pg57=0-2

VA
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Example: A single-phase system similar to that shown in Fig. 2.10 has two
transformers A-B and B-C connected by a line B feeding a load at the receiving end C.
The ratings and
parameter values of the components are:

Transformer A-B: 500V/1.5kV, 9.6kVA, leakage reactance = 5%

Transformer B-C: 1.2kV/120V, 7.2kVA, leakage reactance = 4%

Line B: series impedance = (1.5+j3.0)

Load C: 120V, 6kVA at 0.8 power-factor lagging
a) Determine the value of the load impedance in ohms and the actual
ohmicimpedances of the two transformers referred to both their primary and
secondary
b) Choosing 1.2 kV as the voltage base for circuit B and 10 kVA as the systemwide
KVA base, express all system impedances in per unit.

A-H B-C
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i AR 12 3 B (KVAS)

V V.2
VAs =1 XV, = Z—szb = ZLS
2
Z — (\/b) Z — (\/b)2
S VA\S b VAO
5 Z _ KVA,
P Z KVA
114KV & 250MVA
fif | 228KV 500MVA
BIKV [H F 1500MVA
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